A total of 104 isolates of enterotoxigenic Escherichia coli derived from diarrheal patients from more than 10 countries were examined for serotype and toxigenicity. The transferability and molecular structure of the enterotoxin plasmids from each isolate were also examined. Enterotoxin plasmids from serotypes such as 06, 025, 027, 0126, 0128, and 0159, which are frequently associated with E. coli diarrhea (classical strains) generally did not transfer by conjugation from clinical isolates, whereas those from serotypes such as 07, 017, 080, 098, 0139, 0150, and 0153, which are rarely associated with diarrhea (rare strains) transferred almost always from the clinical isolates by conjugation. Analyses of enterotoxin plasmids by restriction endonucleases and DNA-DNA hybridization with the enterotoxin probes revealed that the strains with the same 0 serotype and toxigenicity carry closely related enterotoxin plasmids. These results suggest that classical strains resulted from the dissemination of ancestral clones which received enterotoxin plasmids long ago, while the rare strains acquired the enterotoxin plasmids recently by conjugation and have not yet been spread to the same degree as the ancestral clones.
Enterotoxigenic Escherichia coli produce enterotoxins and provoke a cholera-like diarrhea in humans and animals. Since their recognition by De et al. in 1956 (3) , many isolates of enterotoxigenic E. coli have been reported. Epidemiological studies have demonstrated that a majority of the strains are restricted to serotypes such as 06, 08, 020, 025, 027, 078, 0114, 0115, 0126, 0128, 0148, and 0159 (9, 10, (14) (15) (16) . There is also a close relationship between serotype and type of toxigenicity. The 0 serotype of the strains producing both heat-labile enterotoxin (LT) and heat-stable enterotoxin (ST) is frequently 06, 08, or 078 (4, 10, 16, 21) .
The genes encoding the enterotoxin are located on plasmids. Some of the toxigenic plasmids are known to be conjugative, and others are known to be transferred by mobilization. The STIa gene is flanked by two ISI elements and is transposable (19) . These evidences of the movability of the enterotoxin determinant are paradoxical in view of epidemiological studies indicating that enterotoxigenic E. coli strains are restricted to rather specific serotypes. The possibility that only E. coli strains of a certain serotype acquire the conjugative enterotoxin plasmid frequently and maintain it stably was excluded by Scotland et al. (17) and by us (1).
Our previous study using 54 isolates of 0148:H28 enterotoxigenic E. coli has demonstrated that individual strains which produce the same toxin type are derived from a single clonal strain (2) . In the present study, the enterotoxin plasmids from 104 isolates of enterotoxigenic E. coli of 14 different 0 serotypes were analyzed. The present study demonstrated that enterotoxin plasmids from serotypes fre- quently associated with E. coli diarrhea are nonconjugative, whereas toxin plasmids from serotypes rarely associated with diarrhea are conjugative. This study also demonstrated that strains with the same serotype and toxigenicity carry closely related toxigenic plasmids. These evidences suggest that most enterotoxigenic E. coli strains spread vertically from an ancestral clone.
MATERIALS AND METHODS
Bacterial strains. The 104 enterotoxigenic E. coli isolates were isolated from diarrheal patients at Osaka International Airport Quarantine Station, Japan, from 1979 to 1981. The patients were travelers from Asian countries, including China, India, Indonesia, Korea, Nepal, the Philippines, Singapore, Sri Lanka, Formosa, and Thailand. A nalidixic acid-resistant strain, WA5023 (thy polAI), and a rifampinresistant strain, C600 (thr leu thi tonA lacYsupE), were used as the recipients for conjugation experiments. Both are substrains of E. coli K-12. Strain C600 carrying a thermosensitive pTH10 plasmid, a derivative of plasmid RP4 (5), was used as the donor of Tnl.
Media. The complete media were Antibiotic Medium 3 (Difco Laboratories, Detroit, Mich.) supplemented with thymine at 10 ,ug/ml and Antibiotic Medium 3 with thymine at 10 ,ug/ml and 1.5% agar. The synthetic medium was M9 salts-glucose (11) with 1.5% agar. Casamino Acids-yeast extract-salts (CAYE) medium (12) was used for the cultivation of enterotoxigenic E. coli to examine ST production.
Isolation of plasmid DNA. The method of ethidium bromide-CsCl density gradient ultracentrifugation was adopted to obtain purified plasmid DNA. The method of Kado and Liu (7) was used to obtain plasmids for analytical purposes.
Enterotoxin assays. LT production was examined by the double-diffusion method of the Biken test (6) using an LT kit (Nissui, Tokyo, Japan). ST production was examined by fluid accumulation in the intestinal tract of 3-day-old suckling mice (12, 22) . The identification of enterotoxin genes among enterotoxigenic E. coli strains was performed by the (9) . These results predict that enterotoxigenic E. coli strains, particularly those producing only LT, may no longer be restricted to a narrow range of 0 serotypes in the near future.
